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(S llylamlno ) phosphine 

Phosphine 

Phoephinlmine 


small-molecule  Si-N-P 


Phoephasene 
P-N  Polymer 


of  appropriate  design  can  f  wet  ion 


as  precursors  to  various  oligomeric  and  polymeric  P-N  systems,  for  example, 
po ly (dialky lphoepha semes) ,  (*£FN)ft,  ere  readily  obtained  vie  the  thermal 
coedsnsetisu-  polymerisatisn  of  eertela  B-ailylphoephinlmlmos,  dJjSUNPCZ)^.- 
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Addition ,  novel  3-coordinate  phosphorua-V  coapounds  including  the  bis(inino)- 
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phoaphoranee,  RP(-HSiMa^)^,  can  potentially  lead  to  new  polymers  of  formula 

the  phosphorus  analogs  of  electrically  conducting  The  synthesis 

of  ‘polyphosphasenes  and  their  precursors  and  the  synthesis  of  potential  pre- 
Jsls  to  are  discussed.^-  ' 
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Many  small-aolecule  Si-N-P  coapounds 
of  appropriats  design  can  function  as 
pracursors  to  various  oligoaaric  and 
polyaarie  P-N  systems.  for  example, 
poly(dialkylpbosphasenea) ,  (k2PN)n,  ara 
raadily  obtained  via  tha  thermal 
condensation-polymerisation  of  certain 
N-silylphosphiniaiaes,  MajSiN-PCDRj .  In 
addition,  novel  3-eoordinata  phosphorus-V  1 

coapounds  including  tha  bis(imino)- 
phosphoranas ,  hP(-MSiMey)2,  can 
potentially  lead  to  new  polymers  of 
formula  (RFM)S,  tha  phosphorus  analogs  of 
electrically  conducting  (SN)a.  Tha 
synthesis  of  polyphosphasenes  and  their 
precursors  and  tha  synthesis  of  potential 
precursors  to  (RPN)a  ara  discussed. 

Tha  structural  and  chemical  diversity  of  coapounds 
containing  tha  Si-N-P  linkage  is  a  result  of  both  tha 
variety  of  coordination  numbers  which  phosphorus  may 
assume  and  the  reactivity  of  the  Si-t  bond.  The 
combination  of  these  features  given  Si-N-P  compounds 
very  promising  synthetic  utility,  particularly  in  the 
area  of  inorganic  polymer  synthesis. 

Typically,  the  most  common  precursors  to  new 
Si-N-P  systems  sam  simple  siiylomimophosphinoo  (eg  1). 
The  di functional  character  of  those  compounds,  which  is 
das  to  the  nucleophilic  sits  at  phosphorus  and  a 
complementary  electrophilic  site  at  silicon,  makes  them, 
very  versatile  magnets •  They  have  boon  used  in  c  new 
synthesis  of  alkyl  and/or  phenyl  snbstitntod  pheepha- 
seaes  (RgPN )a  (£)  and  hens  led  to  the  preparatiee  af 
premising  precursors  to  potontiolly  electrically 
conducting  polymer  systems  of  general  formula  (tfN)a. 


SyntbMit  of 


Work  is  the  polfitr  synthesis  area  has  boon 
enhanced  by  a  convenient  "one-pot"  lystbciii  which  woo 
developed  by  J.C.  Wilburn  (_2)  (eq  1).  Tie  Ids  of  tho 
phosphines  prepared  la  this~aanner  art  typically  (0  to 


-  (Me3Si)2*H 


(1)  n-BuLi 

(2)  FClj 


[(Me3Si)2MPCl2l 


(1) 


to  90Z  aad  quantities  of  250  to  300  graas  are  easily 
obtained.  The  use  of  PhPClg  id  place  of  PC13  allows 

21  for  the  introduction  of  pbeayl/alkyl  substitution  at 
phosphorua. 

2-  Many  siaple  oxidation  reactions  of  tertiary  alkyl 

or  aryl  phosphines  are  lose  straightforward  in 

22  phosphines  with  silylaaiae  substituaats  (J-l).  Two 
such  reactions  have  resulted  in  precursors’  To 

20  phospbasaaes .  The  first  of  these  ia  the  reaction  of 

lb  broaiae  with  disubatituted  silylaainophosphinas  (7)  to 

lb  give  Me3SiBr  and  F-broao-K-si lylphospfaiaiainns  (  e  q  2). 

n  * 

—  ‘  sr 

» 

/*  »r2  1 

I-'  (Me3Si  )2W-PV  - ►  iejgiW-lr  (2) 

nt*  -MejSiBr  I 


1,1*  -  Me,  It,  l^lr,  Ph,  OCljCfs, 

ClgtiMaj.,  Ci2CH-C«2.  etc. 

The  phosphiaiaiaes  are  tharaally  unstable  aad  readily  ; 
aliaiaata  Xeyf ilr  at  teaperatares  ef  greater  them  100°C 
to  fora  aaly  cyclic  pbesphaseaes  (eg  I),  (J) 


(3) 


Me3SiM*P-Br  -A* 

i' 


I 

& 


b  *  3,4 


Mor«  importantly,  the  P-bronophosphinimines  react 
aaoothly  with  CF3CH2OH  in  the  presence  of  Et3M  to  fora 
P-( trif luoroethoxy )phosphiniaines  (eq  4)  (2)*  On  heat¬ 
ing  in  either  seeled  glass  aapoules  or  a  stainless 


l 

R 

1 

CF  3CB2OH 

1 

M*3Sill«P-Br 

- 

Me3Si»-P-OCH2CF3 

J, 

Et3N 

i. 

steel  boab  these  phosphiaiaines  readily  eliainate 
Mc3SiOCH2C?3  ( eq  5)  and  fora  exclusively  polyaeric 
phosphasenes .  (2) 


1 

Me3Sill«P-OCH2C73 

*' 


♦  Me38iOCB2CF3 


(5) 


k 

Me 

Kt 

Ph 

Pb 

Ph 

t* 

Me 

It 

Me 

It 

ChjPh 

The  physical  properties  of  Mm  polymers  vary 
r.  considerably  as  the  substituents  at  phosphorus  are 

changed.  Poly(diaethylphoephaseoe)  (KogfW^a  i*  «  white 
‘7  film-forming  pslyssr  with  a  weight  averaged  molecular 
weight  (If)  ef  50,960  as  da te rained  by  light  scattdr- 
•:  iag.  It  is  aelable  in  GlgCls,  CICI3.  ClsCtzOg,  and 
’•  TIF/leO,  and  has  a  melting  point  of  15**0  an*  a  glass 
treneitien  tempereture  ef  -4I*C  (1).  The  diethyl  eaaleg 
(*t2P»)«.  on  the  ether  hand,  is  gait#  perplexing  sinee 
its  virtual  inee lability  in  all  eelveete  preeludea  meat 
eharaeterieetiee  ether  than  elemental  analysis. 

Za  contrast  to  the  alkyl  substituted  polymers,  the 
P-pheayl  eempennds,  tH(ls)fl)}  and  tPh(Sc)Vh]m,  are 
brittle,  brown  celered  materials  which  are  quite 
aelable  in  flf  and  ere  readily  plasticised  by  trace 
emanate  ef  solvent,  he  tormina t tea  of  aeleeelar  weight 


by  gel  permeation  chromatography  for  [Ph(M«)Pll]a 
indicate*  Mn  to  b*  54,000.  Zta  glass  transition 
tsnparatura  vas  found  to  ba  37°C. 

Pbospbasan*  copolymers  hatt  also  boon  prepared  by 
the  tharaolysis  of  equimolar  aixtures  of  the 
phenyl/alkyl  and  dialkyl  substituted  P-tr if luoroethoxy 
phosph in iainas . 


Pb 


4 


K  ■  Me,  It 


These  aatarials  are  generally  aora  alastoaaric  and 

rubber-like  in  appearance  tban  either  of  the  corres¬ 
ponding  hoaopolyaers.  Such  systems  indicate  that  it 
should  be  possible  to  "custom  design"  pelyphosphasenes 
by  choosing  precursors  irith  desirable  substituents. 

In  suaaary,  this  new  and  general  aethod  of  synthe¬ 
sising  both  cyclic  and  polyaerie  phosphasanes  (eq  6) 


1 

I 

M«3SiH-P— X 


■>  Ha3SiX  ♦ 


ft 

fj-Jr 

ft* 


C6) 


involves  properly  designed  ft-silylphosphiaiaines  which 
contain  a  leaving  group  ft  and  the  desired  substituents 
ft  and  ft'  on  phosphorus.  Such  coapouads  eliminate 
substituted  silanes  MeySlX  and  ferji  cyclic  or  polymeric 
phosphasanes.  When  I  is  Br  or,  as  reported  earlier 
(9),  f,  only  small  ring  compounds  are  formed,  bat  when 
x“is  CPyClyO,  polymeric  pheapbesenss  result,  la 
contrast  to  the  usual  methods  of  preparing  inorganic 
polymers  vis  ring  opening  polymerisation,  this  is  on 
unusual  sxamplo  of  a  cendonsat ion-polymerisation  which 
gives  an  inorganic  9-1  polymer  backbone,  this  method, 
therefore,  has  the' advantage  of  allowing  the  initial 
conatruction  of  email  molecule  building  blocks  which 
incorporate  desirable  silt  groups,  fhie  is 
particularly  useful  for  the  preperotlon  of  alkyl  and/or 
aryl  substituted  polyphosphasenos  with  direct  carbon  to 
phosphorus  bends,  a  system  which  la  difficult  to 
achieve  by  ether  method*. 


CCJt 4  Reactions  of  (gilylanino)ohospbines 


Other  M-silyiphosphinimines  which  are  also 
suitably  constructed  phosphssene  precursors,  can  he 
prepared  by  a  secoad  oxidation  reaction  of  silylemino- 
phosphines.  Vhen  these  phosphines  react  with  carbon 
tetrachloride ,  two  types  of  P-cblorophosphiaiaines  nay 
he  formed  by  essentially  two  pathways  (eq  7)  (8). 

8 

I 

H-C-SiMej 


/Cl  2  8 

(Me3Si  >211-11 

Xl' 


1  -  SiMe3,  He 
1'  •  CH2SiMe3 
OCH2CF3 


Ph,  H 

Me,  It,  i-Pr,  t-Bu,  Ph,  HHej.  OMe, 


The  elimination  of  CHCly  u  shown  in  pathway  A 
occurs  in  similar  systems  which  contain  a  C-H  moiety  a 
to  phosphorus.  Presumably,  initial  formation  of  an  ion 
pair  intermediate  (l]f€l4)(eCl}*)  CIO)  is  followed  by 
attack  of  the  CC13~  anion  at  the  hydrogen  on  the  o 
carbon  with  elimination  of  CtCly  giving  ylide  products 
(eq  8)  (11.12).  However ,  in  systems  which 


I' 

\  ecij* 

ei  i 


] 


v 

-ClClg  1 
Cl 


(8) 


contain  a  sily lamina eahetituemt,  tba  analogous  ylides 
are  presumably  intormodiatne  which  rearrange  win  a 
[1 , Jl-silyl  shift  (aq  t)  (J)  tog  iwe  the 
P -abler opheephiaimines  shown  in  pathway  A. 


(9) 


CHI  H-C-SiM«3 

I  I 

(Me3Si )2H-P-t’  - >  H«3SiH-P-»' 

Cl  Cl 

An  alternate  pathway  ia  possible  for  systeas 
containing  silylaaino  substituents  at  phosphorus.  This 
most  likely  involves  attack  of  the  CCI3”  anion  at  the 
electrophilic  silicon  resulting  in  eliaination  of 
Me3SiCCl3  as  shown  in  pathway  B.  In  the  systeas 
investigated  thus  far,  the  reaction  pathway  preference 
appears  to  be  influenced  by:  (1)  solvent  polarity,  and 
(2)  steric  and  electronic  effects  of  the  substituents 
at  phosphorus  (B). 

Low-coordinate  Phosphorus  Systeas 

Regardless  of  which  R-silylphosphiniaine  products 
are  foraed  they  all  are  potential  precursors  to 
phoaphasenea  via  eliaination  of  Me3SiCl.  Preliainary 
evidence  indicates  that  the  thermal  eliaination  does 
indeed  occur  in  sons  eases.  The  H-silylphosphiniaines 
are  also  potential  precursors  to  another  type  of  novel 
Si-H-P  coapound,  i.e.  three-coordinate  phosphoresce : 


♦ 

R-P< 


V*' 

R-Pf 


S  -  CRR' ,  DR 

m 

Our  interest  ia  such  compounds  stems  asinly  from 
the  possibility  that  they  might  he  useful  precursors  to 
new  classes  of  phosphorus -containing  polymers  or  cyclic 
oligomers.  Pane tioael  linkages  such  as  t  *  H8iMe3  or 
OR' filial  could  serwe  aa  sites  for  condensatiOn-polymer- 
i sat ion  reactions,  loading  to  newel  cyclic  or  polymeric 
systems, 

1 

■tM; 

where  X  *9  or  OR'*  those  netoriels  era  isooloctronic 
with  the  electrically  conducting  polymer,  poly(sulfor 
nitride),  <»>,. 


ft  *14#  ffc#**ll£*ft*  foil##!*#  '*#»•**  1-  ftf  M«*8ici  (#%  It) 
X*  tfc*  ftft*##fc«*ft  K  i*  .  ft  ..ftHlftltfi  §**#*,'  ftftfttift*  thft 


(M«3Si)2»~P, 


&  «  GB28iM«3,  Ml,  m&i  wi**m*$H 

asido  phosphine  prodneee  ft  I#*#  *1  >2  •  •  «b ••#»•* t 

11,31  ftil»l  ft! itC.  A*  *«*€  thft  cl*  *-»ft#h«red  via* 
•ymtmm  (3lP  3-13.7)  £•  feme*  *fc*T*  hefttiftf  at  175®C 

m  duces  the  nore  tfcertt*4jw**ic«llj  •tftVl*  treat  lam* 
f  4-24.7)  (e*  ID.  fhe  «##  trr«t»UiM  itlMti 


M«3Si  Me* 

/CB2SiM*3  CCI4  \ 

(Me3Si)2N-P^  - ►  H— P«CHSiMe3 


Me* 


145°C 


I 

Me*-P— 

||  SiM*3 

CHSiM«3  (12) 


Me*  H 

.  I  I 

MetSiM-P— -  C~SiM*3 

I  I 

2J - P-Me* 

Me3Si'  || 

CHSiM*3 


\| 


143°C  yC HSiM«3 

- ►  . 

^HSiMe3 


MeOE 


OMe 


Me*-P“CB2SiMe3 

M8iM*3 

end  Me3SiCl  and  formation  of  a  white  crystalline  solid 
which  has  been  identified  as  the  methylene  substituted 
4-membered  P-M-P-M  ring  system  (3*P  6 *22.2).  Upon 
distillation  (b.p.  91-92°C/0.01  mm),  the  monomer 
MesP(aaHSiMe3)(*CHSiMe3)  was  collected  as  a  colorless 
liquid  (3lP  3+122.7).  The  monomer  reverts  to  the  dimer 
on  standing  at  room  temperature  overnight.  It  readily 
adds  methanol  across  the  P“C  bond 'to  form  the  P-metbozy 
phosph in imine. 

On  heating  at  145°C  for  two  hours,  both  the 
monomer  end  dimer  form  a  novel  4~menbered  P-M-P-C  ring 
compound.  The  31p  spectrum  of  this  compound  consists 
of  two  doublets  of  equal  intensity  *t  1+10.9  and  t*10.i 
with  Jpp  »  IS. 3  Bs.  The  downfield  shift  correlates 
with  that  of  the  phosphorus  in  th*  ring  system 
containing  Me3tiCB«  substituents,  while  the  upfield 
shift  is  similar  to  that  of  the  4-menbered  ring  systems 
containing  Mojlil*  substituent*  at  ph os shores. (  The 
rings  hove  aloe  boon  nharaetorieed  by  and  *1  VM1, 
elemental  analysis,  and  molecular  weight  measurements 
using  both  mass  speetreseepy  end  cryoseopie  techniques. 

Preliminary  studies  indicate  that  the  reactions  of 
some  of  these  dimers  with  ft?Cl2  rssolt  in  elimination 


of  M«3SiCl  and  ring  opening  reaction*.  Detail*  of 
these  investigation*  and  complete  characterization  of 
these  ring  systems  will  he  reported  elsewhere. 
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